Backgrounds/Aims: Partial splenectomy (PS) is a surgical option for splenic mass, in order to reduce postoperative complications and preserve the splenic function. Despite this, data in literature is still scarce. The present study aimed to reveal our recent experience and provide a comprehensive overview of the feasibility and complications related to various surgical approaches. Methods: Data of patients who underwent PS, between 2014 and 2017 were retrospectively reviewed. Literature was searched for studies reporting all types of PS in adult or adolescent patients. Results: Five PS were performed in our department: two (40%) by laparoscopy and three (60%) by laparotomy. Two (40%) postoperative complications were detected, and in one of them, total splenectomy (TS) by laparotomy was finally required. There were no deaths or complications at last follow-up. Twenty studies including 213 patients were identified in the literature search. The rate of conversion from laparoscopic to open surgery was 3% (range, 5-50%) and in 3% of cases (range, 7-10%) PS was converted into total TS and the overall morbidity rate was 8% (range, 5-25%). In comparison to laparotomy, the conversion rate of laparoscopic approach to TS was 3.5% (vs. 1.4%) and a morbidity rate of 9.8% (vs. 4.3%). Conclusions: The present review shows that PS is a viable procedure in selected cases. The mini-invasive approach seemed to be feasible despite the presence of higher rate of complications than the open technique. In future, further studies on this topic are needed by involving more patients. Furthermore, it is proposed that the development of robotic surgery could make this approach the new gold-standard technique for spleen-preserving surgery. 
INTRODUCTION
Total splenectomy (TS) is associated with severe peri-and post-operative complications such as infections, intra-abdominal abscess, portal vein thrombosis, pulmonary hypertension, thrombocytosis and venous thromboembolism. [1] [2] [3] [4] [5] [6] It is widely acknowledged that individuals with anatomical or functional asplenia are at high risk of developing severe and potentially fatal infections caused by encapsulated bacteria (OPSI). 7 Phagocytic activity of splenic macrophages and synthesis of anti-polysaccharide antibodies by splenic B-lymphocytes play important roles in providing defense against infections. 7 The reported prevalence of OPSI after TS is around 4%, and the overall mortality is 2%. 7 Some studies have shown that the preservation of 25-30% of splenic parenchyma is adequate to ensure a satisfactory immunological response to an antigenic stimulus. [7] [8] [9] In addition, it has been hypothesized that additional knowledge about the surgical anatomy will facilitate the surgeons in performing partial resection of the spleen. 10 The advantage of partial splenectomy (PS) is the removal of the lesion and at the same time, preservation of the splenic function. Christo 11 first reported partial regulated splenectomy, then, Morgensten and Shapiro 12 formally described PS in 1980, and finally, laparoscopic PS was performed by Poulin in 1995. 13 Consequently, the indications of PS were extended to cystic diseases, hyda-tid cyst, benign splenic tumors, hematological disease, and splenic trauma. [14] [15] [16] [17] [18] [19] Laparoscopic, 20 single-port 21 and robotic PS 18, 22 are reported in selected patients, despite this, there exist only limited researches about the mini-invasive and open surgical approach. 23 In the present study, we report our experience over the last four years with PS. Additionally, we performed a systematic review of the literature with an aim of assessing the number, the perioperative characteristics and postoperative complications related to the surgical approach of PS. Indications for resection of benign splenic masses were apparent by the presence of symptoms or a tumor greater than 5 cm located on the upper or lower pole of the spleen. Hydatid serology was performed in patients with suspected hydatid disease. All patients received prophylactic Pneumococcus, Meningococcus and Haemophilus immunization before surgery. After discharge, all the patients were followed up using a classic screening protocol including imaging studies (ultrasound or abdominal CT) and routine biological tests every 6 months during the first 12 months, and then every 12 months during the following years.
MATERIALS AND METHODS

Case series
The demographic parameters, clinical manifestation, preoperative evaluation, intraoperative details, tumor data and postoperative complications were collected for analysis. All patients have been contacted by telephone until end of study date.
Surgical procedure: All operations were performed by the same surgeon (FC).
-Open approach: The abdominal cavity was opened by a xiphoid-pubic incision. Dissecting the gastro colic ligament leads to the retrocavity of the epiplon through the translucent area of Bouchet. 24 The short gastric vessels were ligated using an ultrasonically activated scalpel 
25
Study inclusion criteria: The study selection criteria were defined before starting the data collection to consent correct identification of the studies eligible for the analysis. All studies reporting PS were retrieved and checked for eligibility. The selection criteria included the following:
-Types of study: epidemiological studies, interventional trials, case-control studies, cross-sectional studies and case series including more than two patients were considered eligible for inclusion in this systematic review.
Case reports, review articles, systematic reviews, meta-analyses, conference abstracts, letters and commentaries were not considered. 
RESULTS
Case series
During the study period, five patients underwent elective PS (Table 1) at S.G. Moscati Hospital. In all the cases, the symptoms reported were abdominal pain and three cases (60%) were reported to be suffering from mild thrombocytopenia. There were 3 (60%) women and 2 (40%) men, and the median age of the subjects was 20 years (16-65 years). Three (60%) patients underwent open *On the 8th postoperative day, the patient underwent laparoscopic emergency surgery for hematoma with active bleeding that required control of haemostasis and a placement of drainage. Three months later, the occurrence of infected fluid collection required a TS using an open approach after failures in placement of percutaneous drainage and the laparoscopic approach **One month after surgery, a follow-up scan revealed a fluid collection (78×48 mm) which did not result in clinical evidence requiring the placement of radiological drainage TS, total splenectomy; PS, partial splenectomy PS and, in two cases (40%), PS was performed The one who converted to TS suffered from portal vein thrombosis **In 1 patient, 3 months after PS, the occurrence of infected fluid collection required TS by an open procedure TS, total splenectomy; PS, partial splenectomy; NA, not available Perioperative and postoperative data of studies are summarized in Table 3 .
Study quality assessment: Two reviewers (FE and AN) scored the methodological qualities of the included studies according to the criteria described above. No randomized controlled trial was found. The studies were case series or original articles with different methods and aims. Based on the GRADE system, 43 4 studies 14, 15, 27, 29 (20%) were judged as being of low quality and the remaining 16 studies 8, 18, 28, [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] It should also be noted that the incidence of incisional hernia after laparoscopy was lower than that of laparotomy 20 and moreover, the surgeon's level of experience with laparoscopic surgery cannot be ignored.
New mini-invasive techniques have been described, in particular, single-port and robotic surgery. Single-port laparoscopic PS was used for the first time by Hong et al. 21 in 2010 and was completed using a homemade sin- In selected cases, an alternative to reduce intraoperative bleeding could be preventive arterial embolization. 38, 52 In fact, the splenic artery is divided into a superior artery and a lower polar artery in 86% of cases, and finally, they subdivide into multiple segmental branches. 10 A month before surgery, the embolization of these segmental branches at the splenic hilum level leads to focal ischemia of the corresponding splenic parenchyma. Typical indications for a pre-surgical partial splenic embolization include hematological disorders like chronic thrombocytopenic purpura and other thrombocytopenias, osteomyelosclerosis, thalassemias, hereditary spherocytosis, splenic hemangiomas and splenic trauma. 38, 53 On the contrary, embolization in itself is not complication-free, and there exists the potential for abscess formation, spontaneous splenic rupture, along with common post-embolization syndrome of fever, pain and vomiting. 53, 54 As suggested by de la Villeon et al., 32 regardless of the instrument employed or the preoperative procedure, the technical key point to minimize blood loss is placing the parenchymal transection line inside the ischemia demarcation limit. As the ischemia limit is not a clear-cut plane, parenchymal transection crossing this plane may cause bleeding from adjacent segments. It is suggested that cutting the spleen 1 cm inside the ischemic demarcation line could avoid such problems.
Regarding PS in an emergency, the most recent guidelines strongly recommend this procedure for pediatric patients; whereas this issue is still being widely debated in adults. 55 Numerous reports have demonstrated that the laparoscopic approach and PS are feasible and safe in hemodynamically stable patients. 14, 27, 56 As reported by Li et al., 27 a laparoscopic PS was performed in patients with: However, prospective trials with clear inclusion criteria are needed to demonstrate the benefit of laparoscopic PS in emergency surgery.
In conclusion, in selected cases, PS should be preferred for all patients, especially in the younger ones. The mini-invasive approach seemed to be feasible despite the presence of higher rate of complications than the open technique. In future, further studies on this topic are needed by involving more patients. Furthermore, it is proposed that the development of robotic surgery could make this approach the new gold-standard technique for spleen-preserving surgery.
